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Optimization of Production Yield for Neohesperidin by Response Surface Methodology
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Neohesperidin is a natural new nutrition sweetener, widely existing in plants of dry citrus peel, which
can be derived from extraction. Since the sweetness is 1,300-1,500 times greater than that of sugar,
neohesperidin are widely used in fruit juices, wines, beverages, bakeries and pharmaceutical for-
mulations, and are particularly suitable for consumption by diabetic patients. However, the yield of
extraction from citrus peel waste is very low. In this study optimal yield conditions were determined
using response surface methodology (RSM) in order to increase the neohesperidin extraction yield.
The critical factors for maximum extraction yield were selected extraction pressure (x1), extraction time
(x2), and concentration of ethanol (xs). As a result, the extraction yield was improved when the extract-
ing pressure increased. The extraction yield also increased in a time-dependent manner. When adding
ethanol as an assistance solvent to the supercritical carbon dioxide, extraction yield was increased as
more ethanol concentration was added. Finally, the extraction yield of neohesperidin was improved
to about 162.22% compared to ethanol extraction as a conventional method.
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Fig. 1. Neohesperidin concentration of Korean citrus peel.

Table 2. Central composite design (CCD) and experimental re-

sults
RUN Variable levels Response
X1 X2 X3 Y
1 -1 -1 -1 484
2 -1 -1 1 55.1
3 -1 1 -1 54.7
4 -1 1 1 784
5 1 -1 -1 56.4
6 1 -1 1 69.7
7 1 1 -1 69.4
8 1 1 1 90.2
9 2 0 0 40.5
10 2 0 0 84.4
11 0 2 0 50.4
12 0 2 0 69.4
13 0 0 -2 41.6
14 0 0 69.9
15 0 0 0 64.5
T Atk

HE AR (CV)E HJ%E"‘;"-OJ % 1t % (Response Mean) o]l
& LARAIE ] AlF 2 (Root MSE) gk Wrebdth. HA] K3
o et 493 & (proF) O.OSEE} o 714E Zut
o] Atz o] Attt & + vtk S EHELA Y ﬁﬂﬁki
2 Ay 2do] gro] 002152022 vhg Y
9 sttt & 4 gl wdk A¥e) Aajghol 1x}9} 22t =4
BT 005HT Zorng ARA o R By tig fo4e] =
thal &8 4= Qlth(Table 3). Ao A t-value® 3T ¥4
£ 002 55 F A=A g AR FAFTLE FoFE0]
0058 & #%e AN ZF 7|4EoH, vhgEHd
Ao AAEH FEFE fHﬁP 42 [4 5] 2.
Y= 68.62222 +8.666262, +6.31876x, + 7.6687,

—1.0277782,x, +0.4876x 2, +0.46262 2, [+ 5]
—1.6652782,575 +3.0626251, — 2.702778 57

Table 4= 3% 489 et AF 24 AHZ critical value
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Table 3. Results of ANOVA (analysis of variance) for RSM

Source Master model Predictive model

DF SS MS F Pr>F DF SS MS F Pr>F
X1 1 1171351  1171.351  26.07285 0.003751 1 1171351 1171351  26.07285  0.003751
X2 1 638.8256  638.8256  14.21949 0.013011 1 638.8256  638.8256  14.21949  0.013011
X3 1 916.5756  916.5756  20.40187 0.006301 1 916.5756  916.5756  20.40187  0.006301
X1¥X1 1 11.70085  11.70085  0.260447 0.631538 1 11.70085 11.70085  0.260447  0.631538
X1¥X2 1 1.90125 1.90125 0.04232  0.845125 1 1.90125 1.90125 0.04232  0.845125
X1¥X3 1 1.71125 1.71125 0.03809  0.852945 1 1.71125 1.71125 0.03809  0.852945
X2¥Xa 1 30.71797  30.71797  0.683745 0.445953 1 30.71797 3071797  0.683745  (.445953
X2¥X3 1 75.03125  75.03125 1.670105 0.252744 1 75.03125  75.03125  1.670105  0.252744
X3¥X3 1 8091701 8091701 1.801115 0.237294 1 8091701  80.91701  1.801115  0.237294
Model 9 2897.723 3219692  7.166646 0.021522 9 2897.723  321.9692  7.166646  0.021522
(Linear) 3 2726.752  908.9173 20.2314  0.003166 3 2726.752  908.9173 20.2314  0.003166
(Quadratic) 3 9232736 30.77579  0.685032 0.598566 3 9232736 30.77579  0.685032  0.598566
(Cross Product) 3 78.64375 2621458  0.583505 0.651261 3 78.64375  26.21458  0.583505  0.651261
Error 5 2246303  44.92607 5 2246303 44.92607
Total 14 3122353 14 3122.353
Fit statistics for Y

Master Model Predictive Model
Mean 62.86667 62.86667
R-square 92.81% 92.81%
Adj. R-square 79.86% 79.86%
RMSE 6.702691 6.702691
CV 10.66176 10.66176
a) b) ]
—v Fixed levels : X; = 0 =y Fixed levels : X, = 0 =y Fixed levels : X; = 0

-1.8 -12 -06

[} 0.6

Xy

Fig. 2. Contour plots for optimization of neohesperidin extraction yield. a) Neohesperidin extraction yield by pressure and time,
b) Neohesperidin extraction yield by pressure and ethanol concentraction, ¢) Neohesperidin extraction yield by time and

ethanol concentraction
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Fig. 3. Response surface plot for optimization of neohesperidin extraction yield. a) Neohesperidin extraction yield by pressure and
time, b) Neohesperidin extraction yield by pressure and ethanol concentraction, c) Neohesperidin extraction yield by time

and ethanol concentraction

Table 4. Result of canonical analysis of response surface based
on coded data

Eigen vectors for Y

Eigen values X1 X2 X3
-0.39269 0.46454 0.71600 0.52110
-1.20162 0.88539 -0.38666 -0.25802
-3.80153 -0.01675 -0.58124 0.81356

Critical value for Y

Factor name Coded Uncoded

X1 8.5263 8.5263
X2 10.6533 10.6533
X3 8.1653 8.1653
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gk 2"t
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